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ABSTRACT

INTRODUCTION

The noise of a small hermeti c recipro cating
compres sor used for househo ld refrige rators
and other equipme nts is mostly radiate d by
the vibrati on of the compres sor shell.
Therefo re, an effecti ve approac h to the
noise problem is to provide a compre ssor
shell structu rally less -respon sive to the
vibrati on source.

It is extreme ly difficu lt to identif y the
noise source, particu larly in relativ ely
high frequen cy range, generat ed during the
operati on of small hermeti c recipro cating
compre ssor used for househo ld refrige rators
and other equipm ents. So there is hard way
to work for the reducti on of the compre ssor
noise at its source.

This paper discuss es the process in which
the reducti on of compre ssor noise has been
achieve d by restruc turing the compre ssor
shell and decreas ing the amplitu de of vibration .

The noise source aside, howeve r, the vibration of the compre ssor itself is mostly
propaga ted via such propag ation passes as
the sus9ens ion springs , dischar ge tube, refrigera nt gas and oil, etc., and eventu ally
make the shell vibrate , resulti ng in the
radiati on of noise. Therefo re, the shell
which is a final acousti c radiato r has a
direct influen ce on the compre ssor noise.

The current compre ssor shell whose crosssection forms a circle is not fixed in the
directi on of princip al axis of inertia because of its section al symmetr y. And so
it is difficu lt to restrai n the vibrati on
amplitu de by changin g the support positio ns
of the motor-c ompress or unit. Moreov er,
the dynamic stiffne ss with respect to normal mode of vibrati on is relativ ely low,
In the
because the shape itself is simple.
shell with such a simple section shape, all
of the forced vibrati ons close to the resonance frequen cies of the shell are ampliIn additio n, the superfied effecti vely.
imposit ion of each vibrati on mode tends to
increas e the amplitu de. On the other hand,
in the case of a shell whose cross-s ection
is asymme trical, its amplitu de can be expected to be lower if all the other conditions are equal.

"It is pointed out that, as a matter of
fact, a spectrum indicat ing the frequen cy
respons e of the shell has been quite in
conaccord with that of compre ssor noise.
sequen tly, it can be expecte d that an efficient method to reduce the compre ssor noise
appreci ably by improvi ng the shape of the
shell is to provide a shell structu rally of
small amplitu de against the same vibrati on
source. This study mainly tries to reveal
that, in the shell whose cross-s ection is
circula r, all of the vibrati ons are amplified very effecti vely because of its simple
shape and that, in fact, much of compre ssor
noise has been reduced by reconsi dering the
shell shape.

The writers have experim entally proved the
fact that a properl y selecte d cross-s ectionall y asymme trical shell is much smaller
in its amplitu de of the vibrati on caused by
the operati on of the motor-c ompress or unit
than the current shell. The applica tion of
the asymme trical shape to the shell has
made it possibl e to reduce the thickne ss of
the shell l mm ~hinner than the current
one. Yet the noise of the compre ssor has
decreas ed by 6 dB(A).
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CHARACTERISTICS OF CURRENT COMPRESSOR NOISE
AND SHELL VIBRATION
The compre ssor shell having a shape, as
shown in Fig. l, now being widely used for
househo ld refrige rators has picked up for
experim ent. As seen from Fig. 1, the shell
perfect ly circle in cross-s ection is very
The sound pressur e level
simple in shape.
the compre ssor used
of
(Fig.3)
spectrum
this type of shell, and the shell's driving

point mecha nical compli ance (Fig. 4) have
been measur ed each at the positio n as shown
in Fig. 2. The freque ncy respon se of the
shell has been measur ed with the motor- compresso r unit resilie ntly suppor ted ··under·
the normal condit ion.
The peak freque ncies of the compre ssor
noise spectru m are in full accord with the
peak freque ncies of the shell vibrat ion on
the freque ncy respon se curve. From this it
is clear that the compre ssor noise charac terist ic mostly can be determ ined by the
shell vibrat ion chara cteris tic.
Now, the first resona nce freque ncy lies
within a relativ ely low freque ncy range,
1900 Hz - 2000 Hz, in a freque ncy respon se
curve of the shell. Beside s, most of the
resona nce peak levels are high within the
measur ed range. Like this, the dynami c
stiffn ess of this shell is consid erably
low.
Thus~ it is presum able that there are
relativ ely a large number of resona nce frequenci es in audio freque ncy range and that
also all of the forced vibrat ions close to
the resona nce freque ncies are amplif ied
very effect ively.
It is possib le to reduce the number of resonance freque ncies in the audio freque ncy
range, for exampl e, by giving curves to the
shell at its straig ht portio n or spheri cal
surfac es at its plane sectio n to increa se
the dynami c stiffn ess as a result .
However, it is hard to reduce its peak level
by the method as mentio ned above.
VIBRATION MODE OF CURRENT SHELL
Fig. 6 shows the drivin g point mecha nical
compli ance spectr a of the curren t shell
measur ed at three differ ent positi ons, as
shown in Fig. 5. They are very simila r to
one anothe r. Namely , this shell has identical dynami c stiffn ess at all positio ns in
a cross- sectio n. This means that the directio n of inerti a princi pal axis is unsteady , becaus e the shell is axisym metry
in a cross- sectio n, and becaus e all of normal modes of vibrat ion are effect ively amplifie d with the exciti ng positio n as a
loop.

bratio n are effect ively amplif ied withou t
except ion with the excitin g positio n as a
loop. Thus, in the event that excita tion
is made at differ ent positi ons, the amplitude of the shell is consid ered to be increase d by the superi mposit ion of the same
vibrat ion mode.
Furthe rmore, it has been observ ed that the
shell stiffn ess is the same at any point
in the cross- sectio n, and also the normal
mode of vibrat ion has a fine figure .
Judgin g from the fact, as far as the current shell is concer ned, the influe nces
that the motor- compre ssor unit elasti cally
suppor ted in the shell and the relay box,
etc. have on the respon se of the shell to
vibrat ion can be disreg arded.
AMPLIFICATION BY SUPERIMPOSITIOl- OF VIBRATION MODES
As mentio ned above, in the curren t shell
whose shape is axisym metric al in a crosssectio n, its amplit ude is increa sed by the
superi mposit ion of identi cal vibrat ion
modes. On the contra ry, the experim ent
shows that in the asymm etrical shell having plane surfac es at A and C portio ns as
shown in Fig. 9, such an effect seldom
occurs .
Fig. 11 illust rates the princi pal normal
mode vibrat ion levels of both curren t and
new shells at positio n C when each of the
shells is excite d at differ ent positio ns A
and B in the cross- sectio n (Fig. 10). All
vibrat ion normal modes of the curren t
shell are effect ively amplif ied with the
excitin g positio ns as a loop. Theref ore,
when the shell is excite d at A and B position s at the sa:.•e time, each identi cal
vibrat ion mode excite d effect ively is
superim posed each other, result ing in considera ble increa se in amplit ude. Then, as
shown in Fig. 11, at 2000 Hz, the vibration level at positio n C decrea ses in the
in-pha se excita tion, but increa sing in the
anti-p hase excita tion. Likewi se the vibratio n level change s at 2500 Hz and 3900
Hz.
On the contra ry, in the case of the shell
whose shape has been change d to be asymme trical in a cross- sectio n, the direct ion
of inerti a princi pal axis is fixed and because of this the positio ns of modes of
almost all vibrat ion normal modes are determin ed. So, each of vibrat ion normal
modes has its own effect ive excita tion position . For this reason , even if they are
excite d simult aneous ly at differ ent positions, the superi mposit ion of the same
modes effect s little change in amplit ude,
becaus e the natura l freque ncies excite d
effect ively at their respec tive positio ns
are differ ent. As shown Fig. 11, the vibratio n levels at C positio n hardly change
even when excite d at A and B positio ns

Fig. 7 shows some typica l exampl es of experime ntal result s within these normal vibratio n modes.
Then, three dimens ional
distrib ution of these modes are calcul ated
by use of finite elemen t method (NASTRAN).
The exampl es are shown in Fig. 8. Freque ncies are differ ent, but modes are the same.
As shown in these figure s, the vibrat ion of
normal mode in lower order has extrem ely a
fine mode.
The most import ant fact is, as
seen from the actual examp les, that the exciting positi on of the shell usuall y is the
loop.
Accord ingly, all of the normal modes of vi-
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either in in-phase or anti-phase.
SHAPE OF NEW SHELL
As mentioned above, if the shape of the
shell is made asymmetrica l, the mode positions of each vibration normal mode is determined by themselves. As a result, the
amplificatio n of the vibration is hardly
given rise by the superimposi tion of the
same modes, nor is it possible to excite
all of the vibration normal modes effectively at any given position.
The examination of the vibration normal
modes by the finite element method has revealed that the vibration modes higher than
5 kHz mostly come from the deformation of
the shell in vertical direction. For the
deformation in vertical direction, the telescope welding is preferable to the flange
welding as in the current shell. Besides,
the stiffness becomes higher by making all
phases of the shell spherical. Taking the
abovemention ed into consideratio n, we have
selected a completely new shape of the
It is made ashell, as shown in Fig. 12.
symmetrical not only in the cross-sectio n
but also in the vertical section. Moreover, all phases of this shell are made
spherical except for the surface on which
the relay box is fixed.
CHARACTERISTICS OF NEW COMPRESSOR NOISE AND
SHELL VIBRATION
The new shell in Fig. 12 is 1 mm thinner
than the current shell and houses the same
motor-compr essor unit as used in the curIn this new shell, the specrent shell.
trum of the driving point mechanical compliance changes according to the change of
measurement position. Namely, because of
fixed node positions of the vibration
modes, each loop of the vibration normal
mode is not concentrated on an exciting position and is dispersed in the fixed positions, different from the current shell.
Accordingly, the dynamic stiffness of every
position of this shell is extremely high
and the amplificatio n of the same modes is
hard to occur on the shell.
Fig. 13 shows the spectrum of the driving
point mechanical compliance of this shell
at the position in Fig. 12. In this frequency response curve, peak levels of the
resonance are generally low and the first
So, the
resonance frequency is over 3 kHz.
dynamic stiffness of this shell has become
extremely high. On the other hand, the
sharpness of the resonance peak is reduced
and so the damping is seemingly effective
on this shell.

is reduced, then compressor noise level is
also reduced considerably . Fig. 14 shows
the sound pressure level spectrum of this
compressor at the measurement position
shown in Fig. 12. The noise level of this
compressor is lower 6 dB(A) than the cur~
In addition, it is worthy of
rent one.
our notice that the new shell is 1 mm thinner than the current one.
CONCLUSION
Control of the shell vibration characteristic is very effective to reduce the hermetic compressor noise.
In a shell which has a symmetrical shape in
a cross-sectio n, because of its symmetry,
the direction of the inertia principal axis
For that reason, all of the
is not fixed.
forced vibration close to the resonance
frequency are effectively amplified.
On the other hand, because a proper asymmetrical shape in a cross-sectio n determines the direction of the inertia principal axis, the node of the vibration normal
Thus, among all forced vimode is fixed.
brations close to the resonance frequencies, those effectively amplitude are quite
In addition, the amplilimited in number.
fication of the same vibration modes is
also hard to occur.
In consequence, for the same motor-compressor unit, the vibration of the shell
induced by the compressor operation is very
small in comparison with a shell whose
cross-sectio n is symmetrical. So, the
acoustic energy radiated from the shell is
reduced, and then radiation nois~ from compressor is greatly reduced.
Especially, as far as we judge from the experimental results, the damping is seemingly effective. This phenomenon may be
Since the shell
interpreted as follows:
repeats deformation by its vibration, the
direction of inertia principal axis is
Particularly , in the
slightly moved.
neighborhood of resonance frequencies in
proportion to increase in deformation of
the shell, the change of direction of inertia principal axis becomes effective.
Thus, the normal mode of vibration also
changes, therefore, the forced vibration is
hard to amplify effectively.
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As a result, the shell vibration caused by
the same motor-compr essor unit is very
small in comparison with current shell and
the acoustic energy radiated from the shell
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